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Objective: While public health strategies are developed to fight sedentary behaviors
and promote physical activity, some professional activities, and especially tertiary ones,
have been pointed out for their highly sedentary nature. Although workplace physical
activity programs are increasingly proposed by companies to their employees in order
to increase their physical activity levels, sitting and screen time remain extremely high.
The main aim of this work was to compare health indicators between active and inactive
tertiary employees with similar high levels of sedentariness. Secondly, we questioned
the effects of a 5-month workplace physical activity program on overall health indicators
among initially active and inactive tertiary employees.

Methods: Anthropometric measurements, body composition (bio-impedance), physical
fitness (cardiorespiratory and musculoskeletal fitness) and health-related quality of life
and perception of health status (self-reported questionnaires) were assessed among 193
active and inactive tertiary employees before (TO) and after a 5-month workplace physical
activity intervention (T1), composed of 2 physical sessions per week.

Results: Significant improvements were found in performance of push-ups (o < 0.001),
back muscle strength (o < 0.001) fat mass (p < 0.01) and waist circumference
(o < 0.05) in active compared with inactive employees both at baseline and at
the end of the program. Health perception (o < 0.001) was significantly different
between groups at TO but not at T1. However, no significant difference was observed
for fat-free mass, BMI, workplace well-being and lower and upper limbs muscle
strength. The variations between TO and T1 demonstrate that, while all the studied
parameters progressed positively during the 5-month program, health perception
(o < 0.001), back muscle strength (o < 0.05) and BMI (tendency) showed a
significantly higher progression in the inactive compared with the active group.
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Conclusion: Health indicators might not be improved among active tertiary employees
compared with inactive ones, which might be due to the high level of sedentariness
characterizing their occupational task.Structured on-site physical activity programs can
improve health in both initially active and inactive employees.

Keywords: tertiary employees, physical activity, sedentariness, health, fitness

INTRODUCTION

Over the last decades, sedentariness has become one of the largest
public health concerns, recognized as one of the main causes of
preventable premature mortality. Diaz et al.recently highlighted
that both the total volume of sedentary time as well as its accrual
in prolonged, uninterrupted bouts are associated with increased
all-cause of mortality (1), which has been associated with poor
health at all ages, independently of the level of physical activity
(2). Itis crucial to clarify that sedentariness is not the same as lack
of physical activity, as people can reach the recommended levels
of physical activity for their age, yet spend a large amount of their
time engaging in sedentary activities (3, 4). Evidence suggests that
the time dedicated to sedentary activities (leisure and work) has
increased from 26 to 38 h per week between 1965 and 2009 in the
United States and from 30 to 42 h between 1960 and 2005 in Great
Britain, expressing alarming prospects for 2030 (5). According to
the 2006 national nutrition and health survey (ENNS), 53% of
adults aged 18 to 74 (59% of men and 48% of women) spend 3 h
or more per day (working days and holidays) in front of a screen
(television or computer) outside of working hours. Importantly,
this proportion progresses with age in both men and women.

When it comes to work-related sedentary time particularly, it
appears that the prevalence of sedentary professions increased
by 20% in the United States between 1960 and 2008, with a
concomitant decline of more “physically active professions” (5).
In France, working adults have been shown to spend on average
9.96h per day sitting on workdays (with at least 4.17 h/day
seated at work) and 7.58 h/day sitting on non-workdays (6).
Importantly, Saidj et al. reported clear associations between the
sedentary time at work and the adoption of sedentary behaviors
outside work.

Worldwide, public health policies underline the urgent need
to create a suitable culture of regular physical activity (7), where
employers are encouraged to play a key role in the promotion of
health and well-being among adults of working age (8).

Workplaces represent today an ideal opportunity for new
initiatives to promote physical activity. Workplaces could indeed
reduce some of the barriers that have been identified to limit
the engagement in physical activity, such as lack of time
and proximity (9). Due to the difficulties in changing the
habits of populations and to promote physical activity in usual
settings (such as associations, gymnasiums, etc.), workplace-
based programs might provide a great way to incite employees to
increase their activity levels, especially due to the amount of time
people spend at their workplace (10). There is clear evidence that
increasing the employees’ level of physical activity has beneficial
effects on their health, concomitantly reducing health care costs

(11) and the cost of different treatments for preventable diseases,
and decreasing the number of sick leave due to diseases or
injuries (12, 13). Some previous studies have indeed shown that
interventions conducted to improve employees’ health, may lead
to reduced absenteeism and sick leave, while favoring increased
productivity (14, 15).

Although some controlled and well-designed studies have
found that workplace-based physical activity interventions can
improve general health, physical activity levels (14, 16), weight
status (17) and may have positive effects on eating behavior
among employees (18); a recent systematic review identified
some limitations of such interventions, due to large inter-
individual heterogeneity (19). At the same time, a recent
study conducted in 2017, underlined the beneficial effects
of worksite physical activity programs proposed to tertiary
employees on overall health (20). Although this pilot study
was the first to our knowledge to enroll both experimented
(active individuals, already regular users of their companies’
physical facilities) and novice (inactive before the intervention)
participants, further studies are now needed using larger sample
sizes and more objective methods. Moreover, while the studies
conducted so far mainly focused on increasing the level of
physical activity of workers, tertiary employees remain highly
sedentary due to the static nature of their work, which might
have deleterious effects, independently of their physical activity
levels. Some interesting studies effectively suggest that long
periods of sedentary behaviors increase the risk of cardiovascular
diseases, type 2 diabetes, some cancers and obesity, among other
conditions, even in individuals reaching recommended levels of
physical activity (2).

While it remains evident that workplace interventions have
to be conducted to favor healthy active living among tertiary
employees, the sedentary nature of such professional activities
must be considered. The first aim of the present study was to
compare overall health indicators among physically active and
inactive tertiary employees, showing a high level of sedentariness.
Secondly, we assessed the effects of a 5-month physical activity
workplace intervention on overall health indicators between
sedentary previously active and newly active tertiary employees.

METHODS

Participants and Design

A total of 193 office employees (tertiary workers; 83 females,
110 males; age: 44.2 £ 9.8 years; weight: 72.6 + 14.7kg;
BML: 24.5 £ 3.8 kg/m?®) took part in this quasi-experimental
study. Participants were approached and recruited through the
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manufacturer internal network, thanks to various informative
announcements to the employees. After a medical inclusion
to control for their ability to complete the whole study,
anthropometric measurements and body composition were
assessed, aerobic fitness, muscle capacities, well-being as well
as quality of life and health perception were measured (TO).
The participants followed then a 5-month on-site physical
activity intervention and all these measures were replicated by
the end of the intervention (T1). All the participants received
information sheets and signed consent forms as requested by
ethical regulations. To be included the participants had to: (i)
be tertiary employees; (ii) show no contraindications to physical
practices; (iii) be free of any medication that could interfere
with the study outcomes. Employees who showed a regular
participation in their worksite physical activity program for the
last 2 years were classified as active while the others were classified
as inactive. Their physical activity level was also confirmed
through a self-reported physical activity questionnaire (21, 22)
based on the World Health Organization’s Physical activity
guidelines (at least 150 min of moderate to vigorous activity
per week) (23). All the participants received information sheets
and signed consent forms as requested by ethical procedures.
This study has been reviewed and approved by our local ethical
authorities (Local Human Protection Committee - CPP SUD EST
VI/CNIL).

On-Site Physical Activity Intervention

Active and inactive groups were requested to take part in two to
three training sessions per week, within their worksite training
program. Each session lasted 45min minimum, alternating
between muscle-strengthening and cardiorespiratory exercises
(one of each per week), supervised by a professional for a
duration of 5 months. The program proposed 18 different
physical activities such as muscle strengthening, stretching,
cardiorespiratory or team sports. The participants were asked to
perform at least one muscle-strengthening (weights machines)
and one cardiorespiratory session (Latin dance, step, bike,
fight exercise...) per week. Compliance was controlled by a
computerized access to the sport facilities.

Anthropometric Measurements and Body
Composition

A digital scale was used to measure body mass to the nearest
0.1 kg, and barefoot standing height was assessed to the nearest
0.1 cm using a wall-mounted stadiometer. Both body mass and
height were obtained at the same time of the day for the same
subject, and not in a fasting state. Body Mass Index (BMI)
was calculated as body mass (kg) divided by height squared
(m?). Body Composition was assessed by bioelectrical impedance
analysis, performed with the Tanita MC780 multi frequency
segmental body composition analyzer. This analyzer consists
in a stand-alone unit where the subject has to step on bare
foot (standard mode). Information concerning the subject (age,
gender, and height) is entered by the researcher. Once body mass
has been assessed by the scale, the subject has to take grips with
both hands (alongside his body) during the impedance measure
(Hand to foot BIA). A full segmental analysis is performed in

less than 20's. Total body fat, total fat-free mass and body water
were reported by the researcher into an excel sheet for statistical
treatment. The newly developed BIA analyzer has been recently
validated in healthy adults (24).

Well-Being, Quality of Life and Health

Perception

Well-being and quality of life at work were assessed using a
newly developed questionnaire (“worksite well-being and quality
of life questionnaire”) especially designed for occupational health
studies. The participants were asked to rate statements describing
their well-being at work using visual analog scales ranging from
“not at all” to “absolutely” (i.e., “I'm actually feeling distressed
while at work”). This questionnaire has been recently validated
in a similar population (25).

All participants were also asked to complete a short self-
administered questionnaire specifically designed to explore their
perception of health (“health perception scale”). Six criteria were
investigated: (1) perceived physical fitness, (2) perceived ideal
weight, (3) perceived healthy balanced diet, (4) perceived sleep
quality, (5) perceived stress level, and (6) perceived general
health. A10-point scale from 1 (not at all) to 10 (very much) was
used to assess each item. The six individual scores were computed
to obtain a global score for health perception. This questionnaire
has been previously validated in adults (26).

Aerobic Fitness

The step test was performed on a stool of 16.25 inches (41.3 cm)
for men and 11.8 inches (30 cm) for women for a total duration
of 6 min at the rate of 24 cycles per minute, which was set by a
metronome. Participants were asked to wear a heart rate monitor
(Polar Electro Inc, Lake Success; USA) during the test and heart
rate was recorded at the end of the 6 min, 30s and 1 min after
completion of the test. This test has been found reliable in healthy
subjects and it is highly reproducible (27).

Muscle Capacities

Upper limbs muscle strength was assessed using the handgrip
on the dominant hand, as a non-invasive marker of muscle
strength of upper limbs, well suitable for clinical use (28). The
participants were also asked to perform a maximal number of
push-ups (with the knees on the floor) respecting an imposed
frequency. The test stopped once they were not able to maintain
this rhythmicity or showed difficulties to maintain the correct
position (29, 30). Counter Movement Jump (CMJ) was used
to assess lower limb muscle strength using the Optojump
technology (Microgate SRL, Rome, Italy) (31). The Shirado
test was used to assess the static endurance of the abdominal
muscles (32) and the Sorensen test to assess back strength and
endurance for all the muscles involved in the extension of the
trunk (33).

STATISTICAL CONSIDERATIONS

Sample size has been estimated in order to compare overall
health indicators as fat mass percentage among physically
active and inactive tertiary employees showing a high level
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of sedentariness. According to our previous work (20) and
to Cohen’s recommendations (34) who has defined effect-size
bounds as: small (ES: 0.2), medium (ES: 0.5) and large (ES: 0.8,
“grossly perceptible and therefore large”), we calculated that a
minimum of 185 participants would allow to highlight an effect
size equal to 0.5 for a two-tailed type I error at 5%, a statistical
power of 90% and a ratio 60-40% for inactive/active employees.
All analyses were performed using Stata software (version 13,
StataCorp, College Station, TX). Statistical analyses were done
for a two-sided type I error of a = 5%. Baseline subjects
characteristics were presented as the mean =+ standard deviation
(SD) or the [median interquartile range] for continuous data
(assumption of normality assessed by using the Shapiro-Wilk
test) and as the number of patients and associated percentages
for categorical parameters. Quantitative variables were compared
(at each time-point evaluation T0 and T1) between independent
groups (active vs. inactive tertiary employees) by Student ¢-test
or Mann-Whitney test if conditions of ¢-test were not respected
(normality and homoscedasticity analyzed using Fisher-Snedecor
test). Comparisons between independent groups were done
by Chi-squared or when appropriate by Fischer-exact test for
categorical variables. To analyze repeated correlated data, the
evolution of variations between the beginning and the end of the
study was calculated for each parameter. Then, random-effects
models were performed to study fixed effects as group (noted
intergroup evolution of variations in Tables 1, 2), time-points
evaluation and their interaction taking into account between and
within subject variability. The normality of residuals was checked
for all models. A sensibility analysis was performed to measure
the possible impact of missing data (notably imputation of
missing data). Results and practical conclusions were analogous
(data not shown).

RESULTS

A total of 193 middle and upper classes office workers took part
in the study; 84 females and 110 males with an average age of 44.2

TABLE 1 | Intra- and inter-group results for anthropometry and body composition.

Inactive Active lvs. A

Fat mass (%) TO 248 £ 7.5 217 £71 p =0.0032
T 22.8 £6.9 208 £ 7.3 p=0.0722
TOvs. T1 p < 0.001 p < 0.001

Fat-free mass (kg)  TO 525+ 11.3 53.6 £ 10.7 ns
T 54.5 +£10.9 52.7 £ 9.9 ns
TOvs. T1 ns ns

BMI (kg/m?) TO 25 + 4.6 241 +£ 3.2 ns
T 24.9 £ 3.9 23.7 + 3.1 p = 0.0864
TOvs. T1 ns ns

WC (cm) TO 92 £ 156.3 875 +12.3 p =0.0264
T 92 + 134 87 £12.1 p =0.0287
TOvs. T1 ns ns

=+ 9.8 years, an average weight and BMI of 72.6 & 14.7 kg and 24.5
=+ 3.8 kg/m” respectively. At baseline (T0), 98 and 95 participants
composed the inactive and active groups respectively against 71
and 73 at the end of the intervention (T1).

Figure 1 illustrates the dropout rate observed during the 5-
month workplace program. 22% of all subjects dropped out
before the end of the intervention, with a higher rate observed
in the initially active employees: 20% did not complete the whole
study against 27% in the inactive sample (p < 0.05).

Table 1 details the results for anthropometric characteristics
and body composition, while Table 2 presents the participants’
functional characteristics, well-being and health perception.
There was a statistically significant difference for push-ups (p
< 0.001; p < 0.01 respectively), Sorensen test (p < 0.001), fat

TABLE 2 | Intra- and inter-group results for functional tests, health perception and

well-being.
Inactive Active lvs. A

Health perception TO 51.2 £ 1561 61.3 £ 14.3 p < 0.001
T 59.1 £147 625 127 ns
TOvs. T1 p < 0.001 ns

Worksite well-being TO 7.34 +£1.4 7.3+13 ns
T 73+1.2 7.4 +13 ns
TOvs. T1 ns ns

Rest heart rate (bpm)  TO 71.83 £ 11 67.2 £11.6 ns
T 735+ 105 68.3 +10.3 ns
TOvs. T1 ns ns

Heart rate (opm) TO 150.4 £20.2 147.9 £ 199 ns
T 1411 £183 1356 £17.3 p=0.0698
TOvs. T1  p=0.0029 p < 0.001

Heart rate +30 (opm)  TO 126 + 26.6 128.3 + 22 ns
T 127.8 £ 19.3 116.9+19.2 p=0.0329
TOvs. T1 ns p < 0.001

Heart rate +60 (bpm)  TO 116 £ 20.8 1124 £ 224 ns
T1 111.3 £ 213 103 + 184 p=0.0236
TOvs. T1 ns p < 0.001

CMJ (cm) TO 246 £ 7.7 236+ 7.1 ns
T 26.7 £ 7.6 24.4 £89 ns
TOvs. T1 p = 0.0256 ns

Handgrip (kg) TO 246 £ 7.7 236 £ 7.1 ns
T 41.8 £10.7 403 £ 111 ns
TOvs. T1  p=0.0035 p =0.0082

Puch-ups (rep) TO 228 +144 365+192 p<0.001
T 29.4 +£154 398+ 18 p=0.0014
TOvs. T1 p < 0.001 ns

Shirado (s) TO 1731 £ 77.7 181.8 +50.9 ns
T 184.1 £ 822 174.3 +£ 52 ns
TOvs. T1 ns ns

Sorensen (s) TO 101.2 £ 56.9 159 +41.6 p<0.001
T 1123 £ 542 161.2 £47.7 p < 0.001
TOvs. T1 ns ns

BMI, Body Mass Index; WC, Waist Circumference; TO, baseline; T1, end of the 5-month
program; |, Inactive; A, Active.

CMJ, Counter Movement Jump; ST, step test; HR, heart rate; TO, baseline; T1, end of the
5-month program; |, Inactive; A, Active.
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FIGURE 1 | Dropout rates to a 5-month workplace physical activity program
between initially active and inactive tertiary employees (‘o < 0.05).

mass (p < 0.01; tendency respectively) and waist circumference
(p < 0.05) between active and inactive at TO but also at
T1. Table 2 also highlights a significant difference for health
perception at TO between active and inactive participants (p <
0.001), but this difference no longer exists at T1. No significant
change in worksite well-being, rest heart rate, CM]J, Shirado test,
fat-free mass or BMI was observed during the study. There
was a time effect for the inactive group which demonstrates
significant progressions between T0 and T1 for health perception
(p < 0.001), and CMJ (p < 0.01). In contrast, the two groups
significantly improved their results for handgrip (p < 0.01), push-
ups (inactive: p < 0.001 and active: p < 0.05), fat mass (p < 0.001)
and their heart rate post exercise (inactive: p < 0.01 and active: p
< 0.001) between TO and T1.

Table 3 details the results of the amplitude of the variations
obtained between TO and T1. Health perception (p < 0.001),
performances at the Sorensen test (p < 0.05), Shirado test
(tendency) and BMI (tendency) all show a significantly higher
progression in the inactive compared with the active groups.
The variations observed between TO and T1 were not found
significantly different between groups for worksite well-being,
CMJ, handgrip, push-ups, fat mass, fat-free mass and waist
circumference.

DISCUSSION

The main aim of the present study was to compare overall
health indicators between active (above recommended levels
of physical activity) and inactive (below recommended levels)
employees with high and similar levels of worksite-induced
sedentariness. According to our results, BMI, fat-free mass, lower
and upper limbs muscle capacities (CM]J and handgrip) and
aerobic capacities are not different between active and inactive
tertiary employees who both spend about 7.5h per days seated
in front of computers (approximately 37.5 h/week). This is to
our knowledge the first study that questions the effect of a high

level of sedentariness on health and fitness indicators among
physically active and inactive workers.

While public health strategies have been developed to increase
individuals’ physical activity levels over the last decades, more
concerns are expressed today regarding the progression of
sedentariness. Indeed, it is now clear that physical activity
and sedentary behaviors are two different constructs that have
independent effects on health (35). This is particularly important
since sedentariness has become one of the largest public health
concerns, being nowadays recognized as one of the main causes
of preventable premature mortality. Although worksites have
been identified as ideal settings to favor physical activity among
workers (9), the “tertiarisation” of our societies and industries
has been favoring sedentariness, with employees spending now
most of their daily time seated in front of computers. While
most of the available studies have been evaluating the levels
of physical activity of tertiary employees (36), their time spent
seated and/or in front of a computer screen (37), or have
been independently looking at the effect of physical activity
programs (38) or interventions aiming at reducing sedentary
time (39), we did not find any work comparing fitness parameters
between physically active and inactive tertiary employees who are
characterized by a high level of sedentariness.

In their study, Ko et al. compared the incidence of metabolic
risk factors and the prevalence of metabolic syndrome between
white collars divided in physical activity tertiles (40). According
to their results, workers with the lowest physical activity
levels present higher waist circumference, increased triglycerides
concentrations, higher HDL-C concentrations and a higher
risk for metabolic syndrome (40). Unfortunately, their data
do not allow the classification of their participants as active
or inactive in regards to physical activity guidelines, and
information regarding sedentary behaviors is missing, as well
as details regarding the exact occupational activity of their
participants (40). More recently, Browne et al. conducted
a cross-sectional study among about 500 sedentary tertiary
employees, hypothesizing that sedentary occupational workers
who meet physical activity recommendations (without precising
the guidelines used) present lower risks for metabolic syndrome
than inactive ones (41). Their results point out that active
workers show lower odds for abdominal obesity, elevated
blood pressure, reduced high-density lipoprotein cholesterol and
overall metabolic syndrome, after adjustments for age, working
hours, body mass index, and tobacco use (41). The significantly
higher fat mass percentage and waist circumference observed in
our inactive group are in line with these results. Although these
studies tend to suggest that in employees who spend most of their
daily time sedentary, physical activity has beneficial effect on their
metabolic health, we missed finding any data related to physical
and overall health fitness.

Not only objective health and fitness indicators were assessed
in the present work, employees’ self-perception of their overall
health and work-related well-being were investigated. Although
active workers show a significantly greater score for overall
health perception, worksite wellbeing was not significantly
different compared with inactive employees. Although this might
suggest that physical activity levels might not be associated
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TABLE 3 | Intergroup evolution of variations between the beginning and the end of the study.

Inactive Active p

mean sd var mean sd var
Health perception 20.2 + 35.4 13.6 [-2.7;35.1] 3.7+212 1.5[-11;8.4] p < 0.001
Worksite well-being 2+21.3 1.4[-11.4,14.3] 1.8 +17.2 —0.06 [-6.4;8.3]
CMJ (cm) 52+ 14 3.2[-3.8;9.9] 39+ 218 3.3[-1.6;12.2]
Handgrip (kg) 3.4 +87 2.9[-1.5;9.1] 4.1 +10.9 3.2[-3.1;10.3]
Puch-ups (rep) 29.5 £ 65.3 16.4 [0;40] 50 + 230.2 6 [-5.9;26]
Shirado (sec) 20.5 + 73 0[-14.3;28.7] —29+224 0[0;0] p =0.0743
Sorensen (sec) 35.4 +119.8 0[0;28.2] 0.08 + 21.7 0[0;0] p = 0.0341
Fat mass (%) —42+£93 —4.1[-9.6,—0.4] —3.4 £89 —2.7[-7.8,3.3]
Fat-free mass (kg) 08+26 1[-0.4;2.4] 0.7+ 3.4 0.7 [-0.5;2.4]
BMI (kg/m?) —-06+3 —0.4 [-2;0.8] 01+24 0.4 [-1.3;1.7] p =0.0612
WC (cm) —-0.2+ 36 -0.4[-2.3;1.5] 0.05 + 3.6 -0.1[-2.5;2.8]

BMI, Body Mass Index; WC, Waist Circumference; CMJ, Counter Movement Jump; TO, baseline; T1, end of the 5-month program; I, Inactive; A, Active.

with employees’ work-related satisfaction and comfort, some
recent studies suggest that tertiary employees’ wellbeing might
be related to sedentary behaviors, which may explain our results
since both active and inactive workers present here at least 7.5h
of sedentary time per day (42). Such results are definitely of
importance for both workers and employers, since work-related
wellbeing has been clearly identified as a major predictive factor
for prolonged or future sickness absence (43).

The second aim of the present work was to assess the effects of
a 5-month worksite structured and monitored physical activity
program among initially inactive and active employees (already
regularly using the companies’ physical facilities for the last
2 years). While the majority of the published papers in the
field assesses the effects of physical educations, encouragement
and motivational strategies (39, 44) walking meetings (45)
or sedentary breaks (46), less studies have been conducted
implementing structured aerobic and resistance exercise sessions
(20, 47). In 2009, Pedersen et al. conducted a 1 year randomized
controlled trial questioning the effects of resistance training and
all-round physical exercise sessions performed within workplaces
(1 h/ week during working hours) on tertiary employees health
indicators (47). Their results showed significant reductions of
cardiovascular and metabolic syndrome-related risk factors as
well as musculoskeletal pain symptoms, concomitantly with
minor increases in physical capacities. The physical activity
levels of the participants was however not considered. In the
present study, the participants were asked to perform 2 to 3
exercise sessions per week, composed of resistance and aerobic
exercises, in one of the physical activity facilities proposed by
their companies. According to our results, while numbers of
health and fitness indicators were improved by the program
in our initially inactive subsample, active individuals also show
improvements. While health perception and counter movement
jumps were significantly improved in the inactive group only, the
heart rate response to our aerobic test, the handgrip performance,
the maximal number of push-ups, as well as the percentage of
fat mass was significantly improved in both groups. Interestingly,

the heart rate recovery 30s and 1min after the aerobic test
were improved in the experienced group only. These results
suggest that while such a physical activity intervention has
beneficial effects in initially inactive employees, it continues to
favor positive adaptations in active ones. These results are in line
with a previously published pilot study, suffering from reduced
sample size but already suggesting the interest of worksite
exercise programs among tertiary employees, whatever their
initial physical activity level (20).

Although the present study provides main insights regarding
the importance of considering both sedentary and physical
activity levels when it comes to evaluating tertiary employees’
health indicators, and underlines the beneficial effects of
structured on-site physical interventions among both active and
inactive workers, our results also point out the necessity to
consider the employees’ adherence rate to such programs. Indeed,
1 out of 5 participants did not complete the whole intervention,
which must definitely be considered by stakeholders and
investigators who must try to understand and identify the
potential undelying reasons. This 20% dropout rate observed
here, is in line with what is rarely discussed but usually observed
in other similar studies. In their study, Jakobsen et al. asked
tertiary employees to exercise 5 times a week (10-min sessions)
for 10 weeks and observed a similar dropout rate of 22% (48).
During their 1 year trial, Pedersen et al. obtained a 48% dropout
rate among office workers who exercised 3 times a week (47)
and in our previous pilot work, 30% of the enrolled participants
were found to quit before the end of the intervention (20). While
such high dropout rates are usually observed, the profile of these
participants remains under-explored. Although further studies
are needed, specifically designed to address this question, our
results, as illustrated by the Figure 1, tend to suggest that the
initial physical activity level of the enrolled employees should
be considered with a total of 20% of non-compliant being
observed in the initially active sub-sample against 27% among
the initially inactive one. This also highlights the fact the least
active employees—and therefore those who need it the most—are
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those who are at highest risk to drop out from such worksite PA
programs.

Our results should clearly be interpreted in light of some
limitations. The sample size might be considered as one of the
limitations, underlying the difficulty to recruit volunteers for
such interventions, reinforcing the need for deeper explorations
of the potential specific profile of employees interested in
workplace physical activity programs. The use of field testing
to assess employees’ physical fitness might also be a limitation,
and more objective methods could be used, such as ergometers
and direct methods to assess their aerobic capacities (laboratory-
based maximal aerobic testing). Moreover, the use of BIA
to assess body composition is not as accurate as dual-x-ray
absorptiometry for instance; it composes however one of the
best alternatives for studies enrolling large samples and remains
a reliable and validated tool in healthy adults as previously
described (24).

To conclude, the present study suggests that improvements in
some health and fitness indicators might not be found among
active tertiary employees, compared with inactive ones, which
might be due to the high level of sedentariness characterizing

REFERENCES

1. Diaz KM, Howard VJ, Hutto B, Colabianchi N, Vena JE, Safford MM, et al.
Patterns of sedentary behavior and mortality in middle-aged, U. S, and
older adults: A National Cohort Study. Ann Intern Med. (2017) 167:465-75.
doi: 10.7326/M17-0212

2. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al.
Sedentary time and its association with risk for disease incidence, mortality,
and hospitalization in adults: a systematic review and meta-analysis. Ann
Intern Med. (2015) 162:123-32. doi: 10.7326/M14-1651

3. Patel AV, Bernstein L, Deka A, Feigelson HS, Campbell PT, Gapstur SM, et al.
Leisure time spent sitting in relation to total mortality in a prospective cohort
of US adults. Am ] Epidemiol. (2010) 172:419-29. doi: 10.1093/aje/kwq155

4. Leon-Munoz LM, Martinez-Gomez D, Balboa-Castillo T, Lopez-Garcia E,
Guallar-Castillon P, Rodriguez-Artalejo F. Continued sedentariness, change
in sitting time, and mortality in older adults. Med Sci Sports Exerc. (2013)
45:1501-7. doi: 10.1249/MSS.0b013e3182897¢87

5. Ng SW, Popkin BM. Time use and physical activity: a shift away
from movement across the globe. Obes Rev. (2012) 13:659-80.
doi: 10.1111/j.1467-789X.2011.00982.x

6. Saidj M, Menai M, Charreire H, Weber C, Enaux C, Aadahl M, et al.
Descriptive study of sedentary behaviours in 35,444 French working adults:
cross-sectional findings from the ACTI-Cites study. BMC Public Health (2015)
15:379. doi: 10.1186/s12889-015-1711-8

7. Department of Health UK Physical Activity Guidelines. In Department of
Health. (2011).

8. National Center for Chronic Disease Prevention and Health Promotion. Steps
to Wellness: A Guide to Implementing the 2008 Physical Activity Guidelines for
Americans in the Workplace. Division of nutrition, physical activity, & obesity
(2008).

9. Dugdill LB, Hulme A, McCluskey C, Long SAF. Workplace physical activity
interventions: a systematic review. Int ] Workplace Health Manage. (2008)
1:20-40. doi: 10.1108/17538350810865578

10. Green KL. Issues of control and responsibility in workers’ health.
Health  Educ Q. (1988) 15:473-86. doi: 10.1177/109019818801
500407

11. Golaszewski T. The limitations and promise of health education in managed
care. Health Educ Behav. (2000) 27:402-16. doi: 10.1177/10901981000
2700402

their occupational task. This result clearly calls for worksite-
based interventions not only focusing on physical activity but
also, and perhaps most importantly, trying to break down
sedentary time. Our results also confirm that structured exercise
interventions implemented with workplaces, improve health and
fitness among both initially physically inactive and active tertiary
workers, questioning however the profile of workers who are
willing to be compliant to on-site physical interventions.

AUTHOR CONTRIBUTIONS

PG and BP analyzed the data used in the manuscript, PD and JF
participated in the project design. PG, DT, FD, and MD wrote and
reviewed the paper.

ACKNOWLEDGMENTS

The authors want to thank all the participants who took part in
this study. We also thank the National Agency for Research and
Technological Development (ANRT) for its collaboration with
the ASM Omnisports.

12. Katzmarzyk PT, Janssen I. The economic costs associated with physical
inactivity and obesity in Canada: an update. Can J Appl Physiol. (2004)
29:90-115. doi: 10.1139/h04-008

13. Oldridge NB. Economic burden of physical inactivity: healthcare costs
associated with cardiovascular disease. Eur | Cardiovasc Prev Rehabil. (2008)
15:130-9. doi: 10.1097/HJR.0b013e3282f19d42

14. Proper KI, Koning MA, van der Beek ], Hildebrandt VH, Bosscher R],
van Mechelen W. The effectiveness of worksite physical activity programs
on physical activity, physical fitness, and health. Clin J Sport Med. (2003)
13:106-17. doi: 10.1097/00042752-200303000-00008

15. Kuoppala J, Lamminpaa A, Husman P. Work health promotion, job well-
being, and sickness absences—a systematic review and meta-analysis. ] Occup
Environ Med. (2008) 50:1216-27. doi: 10.1097/JOM.0b013e31818dbf92

16. Conn VS, Hafdahl AR, Cooper PS, Brown LM, Lusk SL. Meta-analysis of
workplace physical activity interventions. Am J Prev Med. (2009) 37:330-9.
doi: 10.1016/j.amepre.2009.06.008

17. Ni Mhurchu C, Aston LM, Jebb SA. Effects of worksite health promotion
interventions on employee diets: a systematic review. BMC Public Health
(2010) 10:62. doi: 10.1186/1471-2458-10-62

18. Maes L, Van Cauwenberghe E, Van Lippevelde W, Spittaels H, De Pauw
E, Oppert JM, et al. Effectiveness of workplace interventions in Europe
promoting healthy eating: a systematic review. Eur J Public Health (2012)
22:677-83. doi: 10.1093/eurpub/ckr098

19. Rongen A, Robroek SJ, van Lenthe FJ, Burdorf A. Workplace health
promotion: a meta-analysis of effectiveness. Am J Prev Med. (2013) 44:406-15.
doi: 10.1016/j.amepre.2012.12.007

20. Genin PM, Degoutte F, Finaud J, Pereira B, Thivel D, Duclos M. Effect
of a 5-month worksite physical activity program on tertiary employees
overall health and fitness. J Occup Environ Med. (2017) 59:e3-el0.
doi: 10.1097/JOM.0000000000000945

21. Lee PH, Macfarlane DJ, Lam TH, Stewart SM. Validity of the International
Physical Activity Questionnaire Short Form, (IPAQ-SF): a systematic review.
Int ] Behav Nutr Phys Act. (2011) 8:115. doi: 10.1186/1479-5868-8-115

22. Golubic R, May AM, Benjaminsen Borch K, Overvad K, Charles MA,
Diaz M]J, et al. Validity of electronically administered Recent Physical
Activity Questionnaire, (RPAQ) in ten European countries. PLoS ONE (2014)
9:€92829. doi: 10.1371/journal.pone.0092829

23. World Health Organization Global Recommendations on Physical Activity for
Health. (2010).

Frontiers in Public Health | www.frontiersin.org

October 2018 | Volume 6 | Article 279


https://doi.org/10.7326/M17-0212
https://doi.org/10.7326/M14-1651
https://doi.org/10.1093/aje/kwq155
https://doi.org/10.1249/MSS.0b013e3182897e87
https://doi.org/10.1111/j.1467-789X.2011.00982.x
https://doi.org/10.1186/s12889-015-1711-8
https://doi.org/10.1108/17538350810865578
https://doi.org/10.1177/109019818801500407
https://doi.org/10.1177/109019810002700402
https://doi.org/10.1139/h04-008
https://doi.org/10.1097/HJR.0b013e3282f19d42
https://doi.org/10.1097/00042752-200303000-00008
https://doi.org/10.1097/JOM.0b013e31818dbf92
https://doi.org/10.1016/j.amepre.2009.06.008
https://doi.org/10.1186/1471-2458-10-62
https://doi.org/10.1093/eurpub/ckr098
https://doi.org/10.1016/j.amepre.2012.12.007
https://doi.org/10.1097/JOM.0000000000000945
https://doi.org/10.1186/1479-5868-8-115
https://doi.org/10.1371/journal.pone.0092829
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Genin et al.

Effect of Work-Related Sedentary Time

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Verney ], Schwartz C, Amiche S, Pereira B, Thivel D. Comparisons of a
Multi-Frequency bioelectrical impedance analysis to the dual-energy X-Ray
absorptiometry scan in healthy young adults depending on their physical
activity level. ] Hum Kinet. (2015) 47:73-80. doi: 10.1515/hukin-2015-0063
Carton F. Instruments de mesure et de régulation du bien-étre (2015).

Garnier S, Gaubert I, Joffroy S, Auneau G, Mauriege P. Impact of brisk walking
on perceived health evaluated by a novel short questionnaire in sedentary
and moderately obese postmenopausal women Menopause (2013) 20:804-12.
doi: 10.1097/GME.0b013e31827deebb

Chatterjee S, Chatterjee P, Mukherjee PS, Bandyopadhyay A. Validity of
Queen’s College step test for use with young Indian men. Br J Sports Med.
(2004) 38:289-91. doi: 10.1136/bjsm.2002.002212

Norman K, Stobaus N, Gonzalez MC, Schulzke JD, Pirlich M. Hand grip
strength: outcome predictor and marker of nutritional status. Clin Nutr.
(2011) 30:135-42. doi: 10.1016/j.cInu.2010.09.010

Hwang UJ, Kwon OY, Jeon IC, Kim SH, Weon JH. Effect of humeral-elevation
angle on electromyographic activity in the serratus anterior during the push-
up-plus exercise. ] Sport Rehabil. (2017) 26:57-64. doi: 10.1123/jsr.2015-0090
Marcolin G, Petrone N, Moro T, Battaglia G, Bianco A, Paoli A.
Selective activation of shoulder, trunk, and arm muscles: a comparative
analysis of different push-up variants. J Athl Train. (2015) 50:1126-32.
doi: 10.4085/1062-6050-50.9.09

Kockum B, Heijne AL Hop performance and leg muscle power in
athletes: reliability of a test battery. Phys Ther Sport. (2015) 16:222-7.
doi: 10.1016/j.ptsp.2014.09.002

Fransoo RM. Implementation of the Shirado test. Kinésithérapie, la revue
(2009) 9, 39-42.

Demoulin C, Vanderthommen M, Duysens C, Crielaard JM. Spinal muscle
evaluation using the Sorensen test: a critical appraisal of the literature. Joint
Bone Spine (2006) 73:43-50. doi: 10.1016/j.jbspin.2004.08.002

Erlbaum L. Statistical Power Analysis for the Behavioral Sciences. 2nd Ed.
Hillsdale, NJ: L. Erlbaum Associates (1988).

Albawardi NM, Jradi H, Almalki AA, Al-Hazzaa HM. Level of sedentary
behavior and its associated factors among saudi women working in office-
based jobs in Saudi Arabia. Int ] Environ Res Public Health (2017) 14:E659.
doi: 10.3390/ijerph14060659

Mundwiler J, Schupbach U, Dieterle T, Leuppi JD, Schmidt-Trucksass A,
Wolfer DP, et al. Association of occupational and leisure-time physical activity
with aerobic capacity in a working population. PLoS ONE (2017) 12:e0168683.
doi: 10.1371/journal.pone.0168683

Yang L, Hipp JA, Lee JA, Tabak RG, Dodson EA, Marx CM, et al
Work-related correlates of occupational sitting in a diverse sample of
employees in Midwest metropolitan cities. Prev Med Rep. (2017) 6:197-202.
doi: 10.1016/j.pmedr.2017.03.008

Grande AJ, Silva V, Parra SA. Effectiveness of exercise at workplace in
physical fitness: uncontrolled randomized study. Einstein (2014) 12:55-60.
doi: 10.1590/51679-45082014A 02956

Aittasalo M, Livson M, Lusa S, Romo A, Vaha-Ypya H, Tokola K, et al.
Moving to business - changes in physical activity and sedentary behavior after

40.

41.

42.

43.

44,

45.

46.

47.

48.

multilevel intervention in small and medium-size workplaces. BMC Public
Health (2017) 17:319. doi: 10.1186/s12889-017-4229-4

Ko S, Yoon §J, Kim D, Kim AR, Kim EJ, Seo HY. Metabolic risk profile and
cancer in korean men and women. ] Prev Med Public Health (2016) 49:143-52.
doi: 10.3961/jpmph.16.021

Browne RAV, Farias-Junior LE Freire YA, Schwade D, Macedo GAD,
Montenegro VB, et al. Sedentary occupation workers who meet the
physical activity recommendations have a reduced risk for metabolic
syndrome: a cross-sectional study. ] Occup Environ Med. (2017) 59:1029-33.
doi: 10.1097/JOM.0000000000001104

Olsen HM, Brown WJ, Kolbe-Alexander T, Burton NW. Flexible work: the
impact of a new policy on employees’ sedentary behavior and physical activity.
J Occup Environ Med. (2018) 60:23-8. doi: 10.1097/JOM.0000000000001190
Vendrig AA, Schaafsma FG. Reliability and validity of the work and well-
being inventory, (WBI) for employees. ] Occup Rehabil. (2017) 28:377-90.
doi: 10.1007/s10926-017-9729-7

Puig-Ribera A, Bort-Roig J, Gine-Garriga M, Gonzalez-Suarez AM, Martinez-
Lemos I, Fortuno J, et al. Impact of a workplace ’it less, move more’ program
on efficiency-related outcomes of office employees. BMC Public Health (2017)
17:455. doi: 10.1186/s12889-017-4367-8

Mackenzie K, Goyder E, Eves F. Acceptability and feasibility of a low-cost,
theory-based and co-produced intervention to reduce workplace sitting time
in desk-based university employees. BMC Public Health (2015) 15:1294.
doi: 10.1186/s12889-015-2635-z

Bergouignan A, Legget KT, De Jong N, Kealey E, Nikolovski J, Groppel
JL, et al. Effect of frequent interruptions of prolonged sitting on self-
perceived levels of energy, mood, food cravings and cognitive function.
Int ] Behav Nutr Phys Act. (2016) 13:113. doi: 10.1186/s12966-016-
0437-z

Pedersen MT, Blangsted AK, Andersen LL, Jorgensen MB, Hansen EA,
Sjogaard G. The effect of worksite physical activity intervention on physical
capacity, health, and productivity: a 1-year randomized controlled trial. J
Occup Environ Med. (2009) 51:759-70. doi: 10.1097/JOM.0b013e3181a8663a
Jakobsen MD, Sundstrup E, Brandt M, Jay K, Aagaard P, Andersen LL.
Physical exercise at the workplace reduces perceived physical exertion during
healthcare work: cluster randomized controlled trial. Scand | Public Health
(2015) 43:713-20. doi: 10.1177/1403494815590936

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Genin, Dessenne, Finaud, Pereira, Dutheil, Thivel and Duclos.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Public Health | www.frontiersin.org

October 2018 | Volume 6 | Article 279


https://doi.org/10.1515/hukin-2015-0063
https://doi.org/10.1097/GME.0b013e31827deebb
https://doi.org/10.1136/bjsm.2002.002212
https://doi.org/10.1016/j.clnu.2010.09.010
https://doi.org/10.1123/jsr.2015-0090
https://doi.org/10.4085/1062-6050-50.9.09
https://doi.org/10.1016/j.ptsp.2014.09.002
https://doi.org/10.1016/j.jbspin.2004.08.002
https://doi.org/10.3390/ijerph14060659
https://doi.org/10.1371/journal.pone.0168683
https://doi.org/10.1016/j.pmedr.2017.03.008
https://doi.org/10.1590/S1679-45082014AO2956
https://doi.org/10.1186/s12889-017-4229-4
https://doi.org/10.3961/jpmph.16.021
https://doi.org/10.1097/JOM.0000000000001104
https://doi.org/10.1097/JOM.0000000000001190
https://doi.org/10.1007/s10926-017-9729-7
https://doi.org/10.1186/s12889-017-4367-8
https://doi.org/10.1186/s12889-015-2635-z
https://doi.org/10.1186/s12966-016-0437-z
https://doi.org/10.1097/JOM.0b013e3181a8663a
https://doi.org/10.1177/1403494815590936
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Effect of Work-Related Sedentary Time on Overall Health Profile in Active vs. Inactive Office Workers
	Introduction
	Methods
	Participants and Design
	On-Site Physical Activity Intervention
	Anthropometric Measurements and Body Composition
	Well-Being, Quality of Life and Health Perception
	Aerobic Fitness
	Muscle Capacities

	Statistical considerations
	Results
	Discussion
	Author Contributions
	Acknowledgments
	References


